MATERIALS AND METHODS
Mass Culturing Techniques.-Ripe eggs were obtained from freshly collected adult barnacles and placed in 1 um-filtered sea water. Newly hatched larvae were collected by pipetting them from areas of maximum light intensity created by a point light source. The larvae were then placed in a 4-1 glass jar at a density of one larva per 2 ml sea water. The jars, each of which contained fresh 1 ,m-filtered sea water at 33.5 ppt salinity, were kept at either 13? or 18?C and mildly aerated with filtered air from a 1/3 hp oil-free pump. The larvae were fed the Tahitian strain of Isochrysisgalbana at a density of 1 x 105 cells per ml.
The water in the jars was changed on alternate days by pouring the contents through 100-gm filters, washing the larvae in the filters (continually immersed in water) with 1 gm-filtered sea water, placing the larvae in small bowls, and pipetting active larvae into beakers with fresh 1 um-filtered sea water. Subsamples of these larvae were preserved for later use in 3% Formalin. Larvae that were inactive at the bottom of the bowls were presumed unhealthy or dead. Such larvae were usually alive but not feeding and were more prone to bacterial infection than the active larvae. To minimize the risk of bacterial contamination, the unhealthy larvae were discarded.
Larvae of Chthamalus are particularly prone to becoming caught on debris due to their fine setulation and small size. Therefore, to rear these larvae successfully, all particulate contaminates coming from the air or filter bags were removed regularly and the alga was monitored carefully for evidence of clumping. Analysis of Larvae.-Formalin-preserved larvae were examined under a compound microscope with a combined phase contrast/Nomarski attachment. Size was determined with an ocular micrometer. Total length was measured from the frontal margin to the tip of the dorsal thoracic spine. Cephalic shield length was measured from its frontal margin to its posterior border, and its width measured behind the frontolateral horns. In addition, drawings were made with a camera lucida attachment. At least 50 larvae of each species at each stage were examined for the drawings. Adult Descriptions. -Adult C. dalli and C. fissus were collected from the field to examine and to photograph the characteristic differences in the second cirrus, a feature noted by W. A. Newman (personal communication). In addition, shell features that might be used to separate the species in the field were quantified.
Electrophoresis. -Adult barnacles, Chthamalus spp., were collected, dissected, and identified to species by the second cirrus characteristic. Sixty barnacles of each species (the sample of C. fissus included all three opercular morphs) were then placed in individual wells in a plastic tray and covered with a few drops of 0.5M Tris-HCL buffer, pH 7.1. Each barnacle was homogenized within the well with a glass pestle and the barnacle extract was absorbed with a filter-paper wick. Horizontal starch-gel electrophoresis and enzymestaining were carried out on the samples as described by Hedgecock (1979) . The samples were then stained for malate dehydrogenase enzyme.
RESULTS
Adult Descriptions Under microscopic observation (400 x), the setae on the second cirri of Chthamalus dalli appear finely bipectinate (Fig. 1A) , while the setae of C. fissus are coarsely bipectinate and have a pair of basal guards (Fig. 1B) . Using this setal characteristic to separate the species initially, electrophoresis showed that C. fissus and C. dalli can be clearly distinguished on the basis of their malate dehydrogenase (MDH) enzymes ( Fig.  2A) . Chthamalus has two loci encoding malate dehydrogenase (Mdh-and Mdh-2, see Figs. 2A, B) ; both enzymes are dimers, so that the single-banded phenotypes represent homozygotes and triple-banded phenotypes represent heterozygotes. Although both Mdh-1 and Mdh-2 are highly polymorphic loci, the two species have different alleles (further work with larger samples has led to the identification of at least six alleles at each locus (Blower and Hedgecock, unpublished observations)). The difference in the alleles is particularly clear for the Mdh-I locus ( Fig. 2A) , and served to confirm the species classification using the setae on the second cirri. External characters allow an approximate distinction of C. dalli from C. fissus to be made in the field. We have found that the two species can be identified in the field with approximately 90% accuracy, measured against the setal characteristics, using a combination of shell features including shape of orifice, color at the base, and relative degree of corrugation of the shell (see Table 1 and Fig. 3 ). The orifice of C. dalli is always broad and oval (Fig. 3A, B) , while that of C. fissus varies from slitlike, overhanging, or oval (Pilsbry, 1916 ; Fig. 3C-E) . Therefore, individuals with slitlike or overhanging orifices can be immediately classified as C. fissus. Moreover, individuals with oval orifices that have smooth shells with even, light brown coloration are C. dalli (Fig. 3A, B) ; those with corrugated shells and a dark brown band at the base are C. fissus ( Fig. 3C-E) . However, we found that 12% of adult Chthamalus spp. with oval orifices possessed a mixture of these characteristics (19/156 of C. dalli and C. fissus combined; Table 1 ). In C. dalli, 4% of the adults had brown bases and 2% possessed corrugated shells. Alternatively, of adults of C. fissus, 6% had even coloration and 31% had relatively smooth shells (individuals with slit or overhanging orifices showed slightly less variability). In the case of mixed characteristics, the second cirrus should be examined before a definite identification can be made. when reared at 18?C (Fig. 4) and both species took 17-18 days for the first cyprids to appear. They spent an average of 3-4 days at each of the six naupliar stages, excluding the first which lasted less than a day. At the lower temperature (13?C), however, the developmental time to cyprid for C. dalli was extended by about five days (to 22-23 days), while C. fissus ceased to develop past the third stage.
Larval Descriptions
The nauplii of C. dalli and C. fissus have the same morphological features of other species so far described in the genus Chthamalus (C. malayensis Pilsbry (see Karande and Thomas, 1976 ); C. fragilis Darwin (see Lang, 1979) ; C. stellatus Poli (see Bassindale, 1936; Daniel, 1958) ), and in a species of Euraphia (E. aestuarii Stubbings, originally classified in the genus Chthamalus; see Sandison, 1967) . In addition, the present descriptions of C. dalli and C. fissus are similar to Korn and Osyannikova's (1979) description of larvae of C. dalli with the exception of four setae and slight differences in general shape. The shape of the larvae described in the present paper differs from that described by Korn and Osyannikova (1979) in that the cephalic shield in naupliar stages I-V is slightly less rounded, the anterior portion of the labrum is rounded, and the anterior and posterior ends of the cyprid carapace are less pointed.
In general, the convex dorsal shield of nauplii of Chthamalus is round, with the width nearly equaling the length. When the cephalic shield differentiates from the trunk in stages IV-VI, it has no paired posterior spines as often found in other genera. The labrum of nauplii of Chthamalus is unilobate and the sequence of spine formation in successive stages is similar in all species thus far described. The successive formation of spines on the thorax is also similar in all species of Chthamalus described. The decreasing ratio of the dorsal thoracic spine to the trunk is similar in species of Chthamalus and Euraphia (Sandison, 1967) . Furthermore, nauplii of Chthamalus generally have highly setulose appendages, often with many plumose or feathery setae. Sandison (1967) cited the presence of"hispid" setae as unique to the family Chthamalidae. However, these setae have since been found by Lewis (1975) on the naupliar appendages of Pollicipes polymerus Sowerby, a pedunculate barnacle considered to be close to the stem of the sessile barnacles (Darwin, 1854). All of these characteristics can be used in making distinctions between nauplii of Chthamalus and nauplii of other species, but by far the easiest distinction is their small relative size at all stages. With this distinction alone, a separation can be made between most larvae of Chthamalus and those of other barnacle species thus far described on the California Coast, with the exception of Pollicipes polymerus (see Discussion).
In this study, no morphological differences were found between the larvae of C. dalli and C. fissus. The only possible distinguishing characteristic (at least in the vicinity of Monterey Bay) is the size of the two species at same stages, although size should be used as a character with caution (Barnes, 1953) . At 18?C, Chthamalus dalli starts out in the first stage as the larger of the two species at 248 ? 4 jm in length and 138 ? 3 ,um in width (Table 2) . Chthamalusfissus is only slightly smaller at 206 ? 3 ,um x 124 ? 5 ium. These size differences continue to diverge through the third stage, after which the larvae of both species become indistinguishable in size. However, at the cyprid stage, the larvae of C. fissus are slightly larger than those of C. dalli (493 ? 3 gm x 246 ? 3 gm versus 448 ? 10 Am x 229 ? 5 gAm; Table 2 ). Sizes of larvae grown at 13?C are similar (Table 2) . Since the antennules (Fig. 7) , the antennae (Fig.  8) , and the mandibles (Fig. 9 ) are referred to in the following descriptions. A presentation of the setation formulae (following Newman, 1965) is given in Table 3 . Stage I larvae are wineglass-shaped with horns 30 um long (Fig. 5) . The dorsal thoracic spine and trunk are approximately equal in length at 24 Aum. The labrum is smooth and rounded at the distal margin, the setae on the appendages are all simple, and no frontal filaments are apparent at this stage. The exopodite of the antenna has only five simple setae (Fig. 8), while that of the mandible shows four (Fig. 9) . The antennule setation formula is 00042110 (Fig. 7, Table  3 ).
Stage II nauplii appear sometime during the first day after the hatching of stage I nauplii. The characteristic feature of stage II is the seven to nine spines 8.5 ,m long on the lower margin of the pubescent labrum (Fig. 5) . At this stage, the broad and somewhat rounded cephalic shield has a fine row of five to seven spinules on its lower margin. The dorsal thoracic spine becomes longer than the trunk, giving these a ratio of 1.2:1. There is one pair of spines 17 ,um long with spinules on the lower margin as well as three rows of fine spinules on the thorax (Fig. 5) . The dorsal thoracic spine and furcal rami are covered with small spines from this stage forward. In addition, many of the setae of the appendages develop fine setules, giving them a plumose or feathery appearance in this and subsequent stages (Figs. 7-9 ). The exopodite of the antenna receives two more setae, but the antennule still has no preaxial setae at this stage.
Stage III larvae appear around the third day and are characterized by a loss of three to five spines on the pubescent labrum, leaving two spines 11 ,m long on the posterolateral margin (Fig. 5) ceives two more setae, but the antennule still has no preaxial setae at this stage. Stage IV individuals appear on the seventh day (Fig. 4) eral margin. The exopodite of the antenna of stage IV individuals has nine setae, while the endopodite of both the antenna and the mandible receive two to three new setae (Figs. 8, 9 ). The antennule bears two preaxial setae (Fig. 7) .
Stage V individuals appear between days nine (C. fissus) to thirteen (C. dalli; Fig. 4) . The trunk in stage V is much more prominent and segmented than in previous stages. The abdominal portion bears a fourth pair of 14-,um spines located between the first and third pair (Fig. 5) . In addition, a fifth pair of trunk spines, on the thoracic portion, is visible next to the first (Fig. 6) . The cephalic shield becomes much rounder in appearance and the dorsal thoracic spine is slightly shorter than the trunk with a ratio of 0.7: 1. The exopodite of the antenna has 1 1 setae in this stage, while that of the mandible bears six setae (previously 5). In addition, the endopodites of both the mandible and the antenna receive more simple setae and there is a third preaxial seta on the antennule (Figs. 7-9) .
Stage VI larvae appear on days 13 and 15 (Fig. 4) . The trunk in this stage bulges and protrudes forward, and is clearly segmented with six new paired spines spread out in a V-shaped pattern on the ventral surface of the thorax (Figs. 5, 6 ). These are the precursors of the six pairs of swimming limbs of the cyprid larva, which in turn become the cirri of the adult. All other spines except the third and fourth are lost. Late stage VI nauplii possess paired compound lateral eyes alongside the unpaired median eye present in all stages. The cephalic shield is broad and even rounder than in previous stages and the horns, which become harder to distinguish, are directed sideways. The exopodite of the antenna of stage VI individuals bears 12 setae and the antennule gains one postaxial seta (Figs. 7, 8) .
The cyprid larvae appear on days 17 and 18 (Fig. 4) . The cyprids retain both the median and lateral eyes (Fig. 5) . The dorsal curvature of the carapace is greater than the ventral curvature, and the posterior margin is broad and evenly curved, while the anterior margin is pointed. Chthamalus dalli and C. fissus are even more similar in their larval forms. No morphological differences were detected in the larvae of the two species (except in about 5% of the stage II nauplii where the spines on the labrum differed). However, slight size divergence between the two species in naupliar stages I-III and in the cyprid larvae was apparent. In this study, the nauplii of C. dalli were larger than those of C. fissus in the first three stages, but due to a faster growth rate at 18?C (in size, not stage), C. fissus surpassed C. dalli in size at the cyprid stage. In addition, both species developed (in stage) at similar rates at 18?C, a temperature within the range both species experience. However, C. dalli developed more slowly at a temperature of 13?C and the more southern barnacle, C. fissus, did not develop at this colder temperature. The inability of larvae of C. fissus to grow at temperatures of 13?C or less could be a factor affecting the northernmost limit of their distribution. Barnes (1953) found that there was variation in cyprid size within a single species and subsequently argued that size is not a valid characteristic with which to separate species in the plankton. Crisp (1959) also found variations in egg sizes and showed a decrease in egg size from north to south along both coasts of the North Atlantic. Patel and Crisp (1960) examined differences in egg size due to temperature and showed that egg size was larger at lower temperatures (hence, in the north) possibly due to slower development rates. The findings in this study support the notion of slower development rates at lower temperatures and similar development rates of southern and northern barnacle larvae grown at the same temperature (within their temperature tolerance range). However, no intraspecific differences in size were shown for nauplii grown at low (13?C) or high (18?C) temperatures. In addition, the sizes of C. dalli measured in this study coincided with those measured by Korn and Ovsyannikova (1979) A more difficult distinction is found between chthamalids and lepadids when comparing C. fissus and C. dalli to Pollicipes polymerus (noted by Lewis, 1975) . The nauplii of these barnacles do not differ markedly in size (although P. polymerus is closer to the size of C. dalli in stages I-III than C. fissus) and are similar in their lack of paired posterior spines on their cephalic shield, presence of a unilobate labrum, and pres-ence of hispid and feathery setae. In addition, the setation of their appendages is remarkably similar. Even the increasing ratio of the trunk to dorsal thoracic spines with stage is similar. The only noticeable differences between these species are the patterns of spine formation on the labrum and the overall goblet shape of P. polymerus.
DISCUSSION
The similarity between larvae of pollicipoids and chthamaloids accords with the similarity of the adult stage. As early as 1854, Darwin noted resemblances between the shell of chthamaloid and the capitulum of pollicipoid adults and hypothesized a transitional link. Other similarities exist between these families, such as a thick and bullate labrum and the use of the first and second cirri for cleaning and transferring food to the mouth. These similarities support the phylogenetic hypothesis that the Chthamalidae descended from a pollicipoid lepadomorph, possibly with an intermediate brachylepadomorphan-like ancestor, and that it is morphologically as well as stratigraphically older than the Balanidae (Zullo, 1963; Newman and Ross, 1976; Newman, 1987) .
In conclusion, this study has confirmed that C. dalli and C. fissus are two distinct species. The adults can be separated electrophoretically, by malate dehydrogenase enzyme allozymes, and morphologically by the setae on the second cirri and by certain shell features. The larvae, however, could not be separated morphologically, but the size differences in naupliar stages I-III and the cyprid stage may be useful in making distinctions in the vicinity of Monterey Bay. Further work is now in progress using immunological assays to separate these species in the plankton.
